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FUEL INJECTION SYSTEM FOR A TURBINE ENGINE 



FIELD OF THE INVENTION 

This invention is directed generally to turbine engines, and more particularly to 
5 fuel system for turbine engines. 

BACKGROUND 

Typically, gas turbine engines include a plurality of injectors for injecting fuel 
into a combustor to mix with air upstream of a flame zone. The fuel injectors of 

10 conventional turbine engines may be arranged in one of at least three different 

schemes. Fuel injectors may be positioned in a lean premix flame system in which 
fuel is injected in the air stream far enough upstream of the location at which the 
fuel/air mixture is ignited that the air and fuel are completely mixed upon burning in 
the flame zone. Fuel injectors may also be configured in a diffusion flame system 

15 such that fuel and air are mixed and burned simultaneously. In yet another 

configuration, often referred to as a partially premixed system, fuel injectors may 
inject fuel upstream of the flame zone a sufficient distance that some of the air is 
mixed with the fuel. Partially premixed systems are combinations of a lean premix 
flame system and a diffusion flame system. 

20 During operation, fuel is injected into the combustion chamber through the 

injectors into three or four stages, such as a pilot nozzle, an A-stage, a B-stage, and 
a C-stage (for configurations having tophat injection or pilot premix features). The 
pilot nozzle provides fuel that is burned to provide a mini-diffusion flame injector and 
also provides stability for the premixed A-, B-, and C-stages. Often turbine engines 

25 are run using high levels of airflow, thereby resulting in lean fuel mixtures with a 
flame temperature low enough to prevent the formation of a significant amount of 
NOx. However, because lean flames have a low flame temperature, lean flames are 
prone to high CO production. And because excess CO production is harmful, a need 
exists to limit CO emissions. 

30 Turbine engines often operate at higher fuel to air ratios at partial loads rather 

than at full load. However, turbine engines are designed for full loads. Thus, 
nozzles designed to run at full load run excessively lean at partial loads. Inlet guide 
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vanes (IGVs) can be used to reduce air flow through the engine at partial loads, 
thereby increasing the fuel to air ratio and enabling the engine to operate more 
efficiently through a larger range of loads. However, IGVs may only be used to 
restrict air flow a limited amount 
5 Fuel staging is used to control fuel injection at loads below which IGVs may 

be used effectively. Fuel staging is a process of emitting fuel from less than all of the 
injectors in a fuel system. By reducing the number of injectors through which fuel is 
ejected, the amount of fuel passed through the injectors during operation of the 
turbine engine at partial loads is increased, and thus, burnout is improved. However, 
10 fuel staging creates interfaces between fueled airflows and unfueled airflows. The 
unfueled air flows quench the flame in the combustor and cause increased 
production of CO at these fuel/unfueled interfaces. Thus, a need exists for reducing 
the amount of CO produced by turbine engines using fuel staging at partial loads. 

1 5 SUMMARY OF THE INVENTION 

This invention relates to a fuel system operable as a partially premixed 
combustor system for a turbine engine. The fuel system is configured to allow the 
associated turbine engine to operate at partial load conditions while producing 
reduced levels of CO emissions during fuel staging operations. The fuel system may 

20 emit fuel from less than all of the injectors forming the fuel system. In addition, the 
fuel system is configured to reduce the interface between fueled and unfueled flows 
in a combustor of a turbine engine at partial load conditions to reduce CO emissions. 

In at least one embodiment, the fuel system may include a first premix injector 
assembly including at least four injectors, which may be grouped into pairs. For 

25 instance, first and second injectors of the first premix injector assembly may be 

positioned adjacent to each other in the turbine engine, and third and fourth injectors 
of the first premix injector assembly may be positioned adjacent to each other in the 
turbine engine. The fuel system may also include a second premix injector assembly 
comprising at least two injectors. At least one second premix injector may be 

30 positioned between the first injector and the fourth injector of the first premix injector 
assembly, and at least another of the second premix injectors may be positioned 
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between the second injector and the third injector of the first premix injector 
assembly. 

In another embodiment, the second premix injector assembly may be formed 
from at least four injectors. The injectors may be positioned in two or more pairs. 
5 The pairs of injectors of the second premix injector assembly may be positioned 
between the pairs of injectors of the first premix injector assembly. By positioning 
the injectors of the first and second premix injector assemblies in this manner, the 
interface between fueled and unfueled flows may be reduced. Thus, the amount of 
CO emitted from a turbine engine using the instant fuel system at partial loads, such 
10 as between about 0 percent and about 30 percent, may be reduced by about 40% 
compared to the same engine type without the instant fuel system. 

An advantage of this invention is that the amount of CO emitted from turbine 
engines may be significantly reduced through use of the instant fuel system. 
Another advantage of this invention is that the amount of CO emitted from turbine 
1 5 engines may be significantly reduced through use of the instant fuel system without 
experiencing a significant increase in temperature in the combustion chamber and 
related areas of the turbine engine in which the fuel system is mounted. 
These and other embodiments are described in more detail below, 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated In and form a part of the 
specification, illustrate embodiments of the presently disclosed invention and, 
together with the description, disclose the principles of the invention. 

Figure 1 is a cross-sectional view of a turbine engine including a fuel system 
25 according to the instant invention. 

Figure 2 is side view of a fuel system including aspects of this invention. 

Figure 3 is a downstream side of the fuel system of this invention. 

Figure 4 is an example of acceleration fuel fractions in a turbine engine. 

Figure 5 is an example of a fuel staging schedule for fuel flow from injectors in 
30 a turbine engine. 
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DETAILED DESCRIPTION OF THE INVENTION 

As shown in Figures 1-3, this invention is directed to a fuel system 10 for a 
turbine engine. In particular, the fuel system 10 is directed to a dry low NOx (DLN) 
fuel system 10 operable as a partially premixed combustor system. The fuel system 
5 10 is configured to allow an associated turbine engine 20 to operate at partial load 
conditions while producing reduced levels of CO emissions. In at least one 
embodiment, the fuel system 10 includes a plurality of injectors 12, as shown in 
Figures 2 and 3, for injecting fuel into a combustor 18 of a turbine engine 20, wherein 
the fuel system may inject fuel from less than all of the injectors 12 while the turbine 

10 engine 20 is operating at partial loads. The fuel system 10 is configured to reduce 
the size of the interface between the flows of the fueled injectors and unfueled 
injectors and thereby reduce CO emissions from the turbine engine 20. 

In at least one embodiment, as shown in Figures 2 and 3, the fuel system 10 
may be composed of a first premix injector assembly 14 and a second premix 

1 5 injector assembly 16, both of which may be formed from one or more injectors 12. 
The first premix injector assembly 14 may be formed from two or more injectors 12 
positioned adjacent to each other in a combustor 18 of a turbine engine 20. The 
injectors 12 of the first premix injector assembly 14 may be referred to as "A" 
injectors. In at least one embodiment, the first premix injector assembly 14 may be 

20 formed from four or more injectors. Likewise, the second premix injector assembly 
16 may be formed from two or more injectors 13 positioned adjacent to each other in 
a combustor 18 of a turbine engine 20. The injectors 13 of the second premix 
injector assembly 16 may be referred to as "B" injectors, in at least one 
embodiment, the second premix injector assembly 16 may be formed from four or 

25 more injectors 13. The first and second premix injector assemblies 14 and 16 may 
be aligned so that the injectors 12 and 13 emit fuel generally parallel to a longitudinal 
axis of the combustor 18. 

In at least one embodiment, the injectors 12 of the first premix injector 
assembly 14 may be positioned in pairs, as shown in Figure 3. In particular, first and 

30 second injectors 22 and 24, respectively, of the first premix injector assembly 14 may 
be positioned adjacent to each other, and third and fourth injectors 26 and 28, 
respectively, of the first premix injector assembly 14 may be positioned adjacent to 
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each other. The first injector 22 and the fourth injector 28 of the first premix injector 
assembly 14 may be separated by one or more injectors 13 of the second premix 
injector assembly 16. In at least one embodiment, the first injector 22 and the fourth 
injector 28 of the first premix Injector assembly 14 may be separated by at least two 
5 injectors 13 of the second premix injector assembly 16. Specifically, the first injector 
22 and the fourth injector 28 of the first premix injector assembly 14 may be 
separated by a first injector 30 of the second premix injector assembly 1 6 and a 
second injector 32 of the second premix injector assembly 16. 

The second injector 22 of the first premix injector assembly 14 and the third 

10 injector 26 of the first premix injector assembly 14 may also be separated by one or 
more injectors 13 of the second premix injector assembly 16. In at least one 
embodiment, the second and third injectors 24 and 26 of the first premix injector 
assembly 14 may be separated by at least two injectors 13 of the second premix 
assembly 16. Specifically, the second injector 24 and the third injector 26 of the first 

1 5 premix Injector assembly 14 may be separated by a third injector 34 and a fourth 
injector 36 of the second premix injector assembly 16. 

In this embodiment, as shown in Figure 3, the first premix injector assembly 
14 is formed of two separate pairs 42 and 44 of injectors 12. Each pair 42 and 44 of 
injectors 12 is separated from each other by a pair 46 and 48 of injectors 1 3 of the 

20 second premix injector assembly 16. Each injector 12 and 13 of the first and second 
premix injector assemblies 14 and 16 may be spaced apart from each other a 
substantially equal distance. Each injector 12 and 13 of the first and second premix 
injector assemblies 14 and 16 may be positioned about 45 degrees from each other. 
The injectors 12 and 13 of the first and second premix injector assemblies 14 and 16 

25 may be positioned equidistant from a pilot nozzle 40 and form a ring around the pilot 
nozzle 40. In other words, the pattern established is an "AABB" configuration that 
may be repeated around the pilot nozzle 40. 

By positioning the injectors 12 and 13 of the first and second premix injector 
assemblies 14 and 16 in pairs, the size of the interface 38 between flows of the 

30 injectors 12 of the first premix injector assembly 14 and the injectors 1 3 of the 
second premix injector assembly 16 is reduced. In at least one embodiment, 
reduction of the flow interface 38 between injectors 12 and 13 of the first and second 
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premix injector assemblies 14 and 16 is about 50%. Reduction of tiiis flow interface 
reduces the amount of CO produced during operation. In effect, the amount of area 
where the flame is quenched by the unfueled air flow is reduced, which thereby 
reduces the CO production by the combustor 18. 
5 During operation, fuel may be emitted from one or more of the injectors 12 of 

the first premix injector assembly 14. Often, fuel may be emitted from all of the 
injectors 12 of the first premix assembly 14. At partial loads, fuel may not be emitted 
from one or more of the injectors 13 of the second premix injector assembly 16. By 
withholding emission of fuel from the second premix injector assembly 16, the 

10 injectors 12 of the first premix injector assembly 14 may be more fuel-rich, which 
improves burnout. The fuel system 10 may also emit fuel only from the injectors 13 
of the second premix injector assembly 16 and not from the injectors 12 of the first 
premix injector assembly 14. 

Fuel staging with the fuel system 10 may be used between about 0% load and 

15 about 30% load, as shown in Figure 5. For instance, at 30% load, approximately 
65% of the fuel can be sent through the injectors 12 of the first premix injector 
assembly 14 and approximately 35% of the fuel can be sent through the pilot nozzle 
40. The total air flow through the turbine engine 20 at 30% load may be between 
about 50% and about 80% of the total airflow through the turbine engine at 100 

20 percent load. The total air flow through the engine may be divided into about 7% 
through the pilot nozzle 40, about 80% through the first and second premix injector 
assemblies 14 and 16. and about 13% leakage through the combustor 18. Fuel to 
air ratios may be developed using these figures; however, these exemplary 
quantities are provided specifically for a SIEMENS W501FDDLN turbine engine. 

25 Fuel to air ratios will change in this engine at different load conditions. In addition, 
turbine engines having different configurations may have different air flow patterns 
and thus have fuel to air ratios different than those of the above-identified 
embodiment. At 0% load, approximately 45% of the fuel can be sent through the 
injectors 12 of the first premix injector assembly 14 and approximately 55% of the 

30 fuel can be sent through the pilot nozzle 40. 

In the particular turbine engine described in Figure 4, the turbine engine 20 
may be ignited with a fueled pilot nozzle 40 and fueled injectors 12 or 13 of the first 
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or second premix injector assemblies 14 or 16, Synchronization may be completed 
with a fueled pilot and first or second premix injector assemblies 14 or 16. 
Whichever of the first or second premix injector assemblies 14 or 16 is not used at 
start up is then fueled at 30% load. 
5 Emitting fuel in this manner has proven to effectively reduce CO emissions. 

In at least one embodiment, the configuration of injectors 12 in the first and second 
premix injector assemblies 14 and 16 described above may reduce CO emissions 
from a turbine engine 20 while the turbine engine 20 is operating between about 0% 
load and about 30% load. In at least one embodiment of the fuel system 10, the fuel 

10 system 10 realized a reduction of about 40% in the amount of CO produced at partial 
loads. Furthermore, the fuel system 10 did not substantially raise the peak 
temperature beyond an acceptable range for the turbine engine tested. 

The foregoing is provided for purposes of illustrating, explaining, and 
describing embodiments of this invention. Modifications and adaptations to these 

1 5 embodiments will be apparent to those skilled in the art and may be made without 
departing from the scope or spirit of this invention. 
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